Three related puppies with abdominal distention caused by nephromegaly and hepatomegaly had gross and histologic lesions in the kidney and liver similar to polycystic disease of children. Both kidneys were enlarged and reniform, and contained multiple fusiform or cylindrical cysts lined by cuboidal epithelium radiating through the cortex and medulla.
Cut surfaces of all lobes of the liver had multiple cysts, ranging in size from approximately 0.2 cm to 0.4 cm and surrounded by connective tissue (fig. 1 ).
The kidneys were both enlarged, each about 6 cm long. They were brown-orange and reniform, but had an irregular capsular surface. On cut surface, the cortex and medulla were easily recognized and the pelvis was normal ( fig. 2) .
Many fusiform cysts of various sizes, containing a clear watery fluid, radiated through the cortex and medulla. The cysts were largest on the outer cortex ( fig. 3) . No other abnormalities in any other organ or system were reported. Tissues from the male puppy were studied histologically. Dog 3: Nine months later, a six-week old male Cairn Terrier from a litter of three males and one female was presented with the same history, clinical findings and gross lesions as described above.
Both litters had the same sire. The two dams had common ancestry with the sire and each other ( fig. 4 ). There was no history of abnormal puppies in previous litters and, according to the breeders, the sire had no history of abnormal offspring. Littermates to dogs 1 and 2 were normal. One male littermate to dog 3 was killed shortly after birth because he was a "swimmer" (congenital weakness of abductor muscles of the limbs); the other littermates were normal. Both dams had normal deliveries; nursing and weaning were uneventful. 
Materials and Methods
Tissues from liver and kidneys were fvred in 10% neutral buffered formalin. Slices were processed and embedded in paraffin. Sections were cut at 4 pm and stained with hematoxylin and eosin (HE) and Masson's trichrome.
Results
Histologic changes in the liver and kidneys from both puppies were similar. All parts of the liver were diffusely subdivided by fibrous connective tissue rich in collagen, extending from one portal area to another, and accentuating the normal lobular pattern. Neither the limiting plate nor the adjacent parenchyma was involved. Within the connective tissue, there was proliferation of the biliary epithelium forming a complex branching network of bile ductules and ducts. They were greater in number and diameter than normal ( fig. 5 ). The bile ducts were lined by cuboidal to low columnar epithelium with regularly spaced basally located nuclei. The hepatic arteries and central veins were normal but the portal veins were smaller than expected. There was no cholestasis.
The kidneys contained multiple fusiform or cylindrical cysts lined by plump cuboidal to slightly flattened tubular epithelium with basal hyperchromic nuclei. The cysts were perpendicular to the capsule surface. Varied amounts of mature fibrous connective tissue surrounded the cysts. Normal well-differentiated renal parenchyma was present between the affected areas. Although there were fewer glomeruli, the glomeruli themselves and the renal pelvis were normal. Both kidneys were equally and diffusely involved.
Discussion
Cystic disease involving both the liver and kidney was described first in 1956 [4] . Since then, polycystic disease has been subject to clinical, genetic and pathological scrutiny but its classification remains a matter of considerable discussion, controversy and confusion. Most authors agree that polycystic disease is an inheritable disorder, diffusely involving both kidneys, that occurs in at least two major types, an adult form and an infantile form, each with different modes of inheritance [2, 3, 111. Adult polycystic disease is inherited as an autosomal dominant trait with almost 100% penetrance. Polycystic disease in children has an autosomal recessive mode of inheritance [9] . Polycystic disease in children has been called infantile polycystic disease and further divided into three categories, all of which have various amounts of hepatic portal fibrosis: 1) polycystic disease of early infancy, 2) polycystic disease of childhood, and 3) congenital hepatic fibrosis [2] . Other researchers [3] interpret the age-related differences in polycystic disease of children as evidence of genetic heterogeneity. Their classification indicates that each type has a characteristic age distribution with decreased cystic involvement of the kidney and increased hepatic fibrosis with advancing age. They divide polycystic disease in children into four groups: 1) perinatal polycystic disease, 2) neonatal polycystic disease, 3) infantile polycystic disease and 4) juvenile polycystic disease. They consider congenital hepatic fibrosis a separate entity. Another study [I 11 has suggested that the differences in radiographic and morphologic appearance of polycystic disease in children relate to the natural history of the disease, and that it is one disorder with various manifestations in the liver and kidney.
We compared the lesions in the Cairn Terriers to the major categories in [3]: 1) adult polycystic disease, 2) polycystic disease in children and 3) congenital hepatic fibrosis.
Comparing the disorder in puppies to adult polycystic disease of human beings, we see a number of discrepancies which suggest the diseases are not the same. Adult polycystic disease is rare in young children [3] , whereas the disorder in the Cairn Terriers occurred in young puppies. As the condition had not been described previously in the family of these puppies, or even in this breed, it apparently is not a dominant trait. The hepatic lesions were diffuse throughout the liver in the puppies, while in adult polycystic disease of humans, the lesions in the liver are either solitary or sparse. Renal cysts in adult polycystic disease distort the capsule and are spherical; however, the renal cysts in the puppies were fusiform to cylindrical and did not distort the capsule.
Congenital hepatic fibrosis is a polycystic disease affecting the liver and, to various degrees, the kidneys [ 1, 31. About one half of patients with congenital hepatic fibrosis have renal involvement. The kidneys are not noticeably enlarged. The renal cysts, when present, are usually thin-walled, spherical and sparsely scattered throughout the parenchyma. Hepatic abnormalities range from diffuse expansions of portal spaces by proliferating biliary ductules embedded in immature mesenchyma or collagenous connective tissue, to multiple cysts lined by biliary epithelium. The adjacent hepatic parenchyma is normal [9] . Although the hepatic lesions, hereditary pattern and age at appearance of clinical signs in the Cairn Terriers are compatible with congenital hepatic fibrosis, the renal cysts are not spherical or sparse, but rather fusiform or cylindrical and diffuse. Polycystic disease in children is less common than adult polycystic disease. Siblings often are affected [3, 91 . The kidneys are enlarged and reniform and the capsules are not grossly distorted. On cut surface, fusiform to cylindrical cysts radiate through the renal parenchyma from the cortex to the medulla. The cysts are lined by cuboidal epithelial cells. Normally differentiated parenchyma is interspersed among these dilated spaces. No other malformations of the urogenital tract are seen with this condition [9] . The hepatic lesions are diffuse, involving all the portal areas, and consist of elaborately branching biliary ductules, similar but not identical to those of congenital hepatic fibrosis [ 101.
Based upon these comparisons, we consider the cystic disorder involving the kidney and liver in the Cairn Terriers described here as most closely resembling polycystic disease in children, albeit they are not identical. At six weeks of age, the puppies were alert and active, which is not analogous to polycystic disease in children. The dilation of the extrahepatic biliary ducts also is atypical. Although the mode of inheritance of the disorder in Cairn Terriers is unknown, observations suggest a recessive mode of inheritance. The trait apparently is not sex linked, since a male and a female in one litter were involved.
Genetic testing, evaluation of hepatic and renal functions, microdissection of the kidneys and serial reconstruction of the liver are needed for further comparison of the condition in puppies and children to determine the relationship between the two disorders. Of interest would be the pathologic findings in affected puppies allowed to run their natural course, as would the embryologic development of the hepatic and renal lesions. Such longitudinal studies might answer the questions regarding time-related changes in the human disease. From the above data, the disease in Cairn Terriers appears analogous to polycystic disease of the kidney and liver in children.
